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• 8 RMs/2 RBXs performance, CERN test beam 02.
• RMs assembly.
• Equipment for RBXs integration at Fermilab.
• RBXs test.
• RBXs QC.
• DAQ, software for the QC.
• RMs/RBXs for 2003 test beam, CERN.
• Installation and test of the RBXs at CERN.
• Schedule.
• Summary and Conclusion.
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8 RMs/2 RBXs performance8 RMs/2 RBXs performance8 RMs/2 RBXs performance
• 8 RMs/2 RBXs were assembled and tested 

by Terry, Julia, Sergey, Anatoly and 
supporting personal before summer 02 
test beam at CERN.

• No failure in the system (144 channels) 
was observed during the test beam time 
(about 2 months).

• Items in part to improve the current RM 
design were defined, will be implemented 
into production plan. The observed 
difference of the RMs response partially 
understood. Postmortem needed for more 
details. 
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RMs assemblyRMs assemblyRMs assembly
• The main parts of RM are:
• 1.  RM shell.
• 2.  Optical Decoder Unit (ODU).
• 3.  HPD with interface card and mounting ring.
• 4.  HV/BV cable/wires, connectors, mounting.
• 5.  3 QIE circuit boards with cooling extrusion.
• 6.  Part of the RM OUT optical link.
• 7.  Locker.

Procedure of RMs assembly with all components is already well 
defined. We have experience with HB RMs gathering. RMs will be 
assembled at lab. 5. It should not be noticeable problems with 
RMs for HE, because the main parts are the same as for HB.
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RBX componentsRBX componentsRBX components

RBX contains the next main components

1. RBX shell. 
2. HV/BV distributor and backplane. 
3. Electrical back plane.
4. HV/BV unit.
5. LV unit.
6. 4 RMs.
7. Calibration unit.
8. CCM.
9. Water cooling pipe.
10.Nitrogen manifold.
11.Thermo control system.



HCAL meeting at Boston University, November 1, 2002 8

Equipment for RBXs 
Integration at Fermilab
Equipment for RBXs Equipment for RBXs 

Integration at FermilabIntegration at Fermilab

Equipment needed for RBX integration and test at Fermilab:

• RBX with all described components.
• DAQ, software.
• HV/BV power supply.
• LV power supply.
• Laser with light attenuation wheel.
• Service components (water cooling system, nitrogen flow 

system, temperature control).
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RBXs testRBXs testRBXs test

1. HV/BV crate, cable, filter, unit, keep 10kV/80V without sparking, discharge.
HV, BV currents are under specs. The LV current meets specs.

2. Water cooling system operational, thermal sensors show 26 +/- 1 C.
3. Test of RMs functionality with calibration unit in LED mode. For not 

properly working RM – identify problem – broken contact, not working 
channel, burning, etc. Fix it. 

4. Get response of the RMS in range +/- 5% under the same HV/BV and fixed 
light illumination. If not, the RMs could be unified, say, in 3 groups with    
+/-5 % spread of the responses under the same HV/BV. Possible bigger 
difference in the response must be clear understood (e.g. HPD QE, gain, 
etc.). Also define HV/BV individually for each channel to get response  
in the range. Put in database.

5. Take data (calibration unit in LED mode) with light amount corresponding
to low, middle and high parts of the dynamic range. File its in database. 
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RMs “calibration” at lab.5 RMs “calibration” at lab.5 RMs “calibration” at lab.5 

MTile HPD QIE

BEAM
SOURCE

LASER

LED
LASER

CHARGE

RM

1. “Calibration” of QIE, 5% accuracy expected.
2. “Calibration” of HPD (QE, gain, Minn. <3%).  
3. “Calibration” of RM (calibration unit, LED     
mode). Test of the RM dynamic range with      
light amount, matching CMS HCAL. The RMs   
responses should be equalized with about 5%.

Lab.5
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RBXs QCRBXs QCRBXs QC
1. Measure HPDs leakage current in the RMs package.
2. Measure noise (pedestal width) for each channel.
3. Test dynamic range of each HPD/QIE channel with 

calibration unit (LED mode).  The chosen HV should be 
consistent with the dynamic range.

4. Test HPD/QIE linearity with calibration unit (LASER 
mode, probably). The laser light must be normalized on 
PIN diode response.

5. Test of 40 MHz HPD/QIE performance. The measurement 
conditions should be specified.

6. RBXs stability test with calibration unit (LASER mode, 
partially LED mode). HV/BV voltage, current; HPD/QIE 
response  for each channel, power consumption, 
temperature record during about 1 week.

7. File data taken.
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DAQ, software for the QCDAQ, software for the QCDAQ, software for the QC

DAQ, software should be the same as 
will be used for the test beam 2003.
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RMs/RBXs for 2003 test 
beam

RMs/RBXs for 2003 test RMs/RBXs for 2003 test 
beambeam

Should be assembled, tested and ready for 
shipment to CERN on March 30, 2003:
2 HE RBXs, 2 HB RBXs.

In 2 HB RBX used in 2002 test beam the 8 HB RMs 
should be disassembled and QIE cards should 
be replaced (33 to 40 MHz) if to use them on 
2003 test beam. The RM itself is also should be 
slightly modified. More likely to make more 
brand new HB RBXs with RMs for 03 test beam.

1 HE RBXs with 2 HE RMs was delivered to FNAL 
on October 29, 02. Integration started.
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FE production schedule for 
integration

FE production schedule for FE production schedule for 
integrationintegration
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FE, HPD, RMs, RBXs 
schedule for integration, QC

FE, HPD, RMs, RBXs FE, HPD, RMs, RBXs 
schedule for integration, QCschedule for integration, QC
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Installation and test of RBXs 
at CERN

Installation and test of RBXs Installation and test of RBXs 
at CERNat CERN

RBXs will be delivered to CERN already tested at FNAL.
The RBXs will be partially tested after installation on wedges. 
The goal of the test is to check again functionality, i.e. to pass 
the test performed at FNAL. Part of equipment needed for that
e.g. HV/BV crates, several short HV/BV cables, part of LV, etc.

“Calibration” of each RM (LED mode) will be repeated. 
Must reproduce FNAL data. Laser “calibration” of the RMS 
(calibration unit, LASER mode) will be done, also as sourcing. 
It’s a start point to monitor LED/LASER/SOURCE ratios.

It will be not tested on the stage the “final” HV/BV crates 
with modules, HV/BV cables; LV power supplies, cables; 
water cooling system, nitrogen flow system, optical links, 
interference with other subsystems, etc.

The schedule and personnel to complete installation and 
the test of RMs/RBXs at CERN defined.
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RBXs installation scheduleRBXs installation scheduleRBXs installation schedule
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Summary and ConclusionSummary and ConclusionSummary and Conclusion

• 2 HB RBX (8 RMs, 144 channels) passed 
test beam 2002 (about 2 months) without 
failure.

• As part of production plan the RMs/RBXs 
integration, test and quality control will be 
performed at FNAL (lab. 5, also at 14th floor 
of HR).

• The personnel and schedule to complete 
the task are well defined.

• Support of other US CMS groups needed 
mostly in part of DAQ and software.


